We recently took advantage of the universal expression of cell adhesion molecule 1 (CADM1) by CD4 + cells infected with HTLV-1 and the downregulation of CD7 expression that corresponds with the oncogenic stage of HTLV-1-infected cells to develop a flow cytometric system using CADM1 versus CD7 plotting of CD4 + cells. We risk-stratified HTLV-1 asymptomatic carriers (AC) and indolent adult T-cell leukemia/ lymphoma (ATL) cases based on the CADM1 + percentage, in which HTLV-1-infected clones are efficiently enriched. AC and indolent ATL cases were initially classified according to their CADM1 + cell percentage. Follow-up clinical and flow cytometric data were obtained for 71 cases. In G1 (CADM1 + ≤ 10%) and G2 (10% < CADM1 + ≤ 25%) cases, no apparent clinical disease progression was observed. In G3 (25% < CADM1 + ≤ 50%) cases, five out of nine (55.5%) cases progressed from AC to smoldering-type ATL. In G4 (50% < CADM1 + ) cases, the cumulative incidence of receiving systemic chemotherapy at 3 years was 28.4%. Our results indicate that the percentage of the CD4 + CADM1 + population predicts clinical disease progression: G1 and G2 cases, including AC cases, are stable and considered to be at low risk; G3 cases, including advanced AC cases and smoldering-type ATL cases based on the Shimoyama criteria, are considered to have intermediate risk; and G4 cases, which are mainly indolent ATL cases, are unstable and at high risk of acute transformation.
| INTRODUC TI ON
HTLV-1 is a human retrovirus that causes HTLV-1-associated diseases, including adult T-cell leukemia/lymphoma (ATL). 1,2 HTLV-1-endemic regions include south-western Japan, the Caribbean Islands, Central and South America, sub-Saharan Africa, and the Middle East. 3 A recent report estimated that 5-10 million people worldwide are infected with HTLV-1, an amount that is likely underestimated because of the lack of epidemiological data in developing countries. 4 ATL still has a poor prognosis despite the development of various therapeutic options, such as intensive chemotherapy, allogeneic stem cell transplantation, antibody therapy targeting C-C chemokine receptor type 4, lenalidomide, and anti-viral agents (eg, interferon alpha plus 3ʹ-azido-2ʹ,3ʹ-deoxythymidine [zidovudine]). [5] [6] [7] [8] [9] [10] Methods targeting molecular abnormalities, such as dysregulated signal transduction, gene mutation and epigenetic abnormality, are under development. [11] [12] [13] In Japan, the estimated lifetime risk in HTLV-1 asymptomatic carriers (AC) of developing ATL is 6%-7% for males and 2%-3% for females. 3 Risk factors regarding ATL development have been reported to include HTLV-1 infection through breastfeeding, advanced age, family history of ATL, and first opportunity for HTLV-1 testing during treatment of other diseases. 14, 15 In addition, a high HTLV-1 proviral load (PVL), defined as >4 copies/100 peripheral blood mononuclear cells (PBMC), has been reported as one of the major risk factors for ATL development. 14 For ATL and AC cases, cell adhesion molecule 1 (CADM1), which was previously discovered as a tumor suppressor in lung cancer, 16 was revealed to be highly and exclusively expressed in HTLV-1-infected cells in the peripheral blood regardless of the ATL clinical subtype. 17, 18 We recently took advantage of the universal expression of CADM1 in HTLV-1-infected cells and the downregulation of CD7 expression based on the oncogenic stage of HTLV-1-infected cells to develop a flow cytometric system using CADM1 versus CD7 plotting of CD4 + cells (named the HTLV-1 analysis system by flow cytometry [HAS-Flow]). We previously reported that HAS-Flow enables an objective evaluation of the clinical disease progression of AC and indolent ATL cases. 19, 20 In the present study, we analyzed the clinical courses of AC and indolent ATL cases and assessed if the percentage of the CD4 + CADM1 + population predicts clinical disease progression in AC and indolent ATL cases.
| MATERIAL S AND ME THODS

| Samples and clinical data
Cases with AC and indolent ATL (ie smoldering-type ATL and chronictype ATL without unfavorable prognostic factors) were enrolled.
Chronic-type ATL with unfavorable prognostic factors was defined by the presence of at least one of the following three factors: low serum albumin, high serum lactate dehydrogenase or high blood urea nitrogen concentration. In addition to the 60 cases analyzed in our previous report, 20 11 cases were newly analyzed in this study. Cases were consecutively enrolled according to PVL levels, and peripheral blood samples were collected from inpatients and outpatients at our institute from June 2009 to December 2016 as described in our previous reports. 19, 21 The clinical subtypes of ATL were classified in accordance with the Shimoyama criteria at the time of the initial flow cytometric analysis. 22 Cases with various complications, such as active autoimmune disorders and active systemic infections, were excluded. PBMC were isolated using Lymphoprep (Axis-Shield, Oslo, Norway), suspended in Cellbanker 1 (Takara Bio, Kusatsu, Japan) and cryopreserved in a deep freezer (−80°C) until use. The serum levels of soluble interleukin-2 receptor (sIL-2R) were collected from medical records. The percentages of abnormal lymphocytes in white blood cells were counted microscopically by clinical laboratory technicians as previously described. 23 The HTLV-1 PVL data were obtained from the Joint Study on Predisposing Factors of ATL Development (JSPFAD). 14 These data were updated on December 2017. The present study was approved by the Institutional Review Board of our institute. Written informed consent was received for all cases.
| Flow cytometry
Frozen cell suspensions were thawed and stained using a combination of monoclonal antibodies as previously described. 19, 20 A biotinylated anti-CADM1 antibody (clone 3E1) was purchased from MBL (Nagoya, Japan). A Pacific Orange-conjugated anti-CD14 antibody was purchased from Life Technologies (Carlsbad, CA, USA). All other antibodies (anti-CD3, anti-CD4 and anti-CD7) and streptavidin-PE were obtained from BioLegend (San Diego, CA, USA). A FACSAria (BD Immunocytometry Systems, San Jose, CA, USA) was used for the flow cytometric analysis. Acquired raw data were analyzed using FlowJo software (TreeStar, San Carlos, CA, USA). The gating procedure used here was the same as that described previously. 19 Briefly, PI + cells were gated out, and then CD14 + cells were gated out. Next, a CADM1 versus CD7 plot was constructed for CD4 + cells. As in our previous reports, all analyzed cases were categorized into four groups based on the proportion of CADM1 + CD7 dim (D) and CADM1 + CD7 − (N) cells: G1 (D + N ≤ 10%), G2 (10% < D + N ≤ 25%), G3 (25% < D + N ≤ 50%) and G4 (50% < D + N). 20
| Statistical analyses
Comparisons among the groups were performed by using Fisher's exact test as appropriate for categorical variables and the Kruskal-Wallis test for continuous variables. Time to systemic chemotherapy was defined as the time from the day of initial data sampling to the day of initial systemic chemotherapy. Cases that were enrolled in the clinical trial were censored on the day of the enrollment. For AC cases, time to progression was defined as the time from the day of initial data sampling to the day when the proportion of abnormal lymphocytes in white blood cells reached 5% or more. The probabilities of receiving systemic chemotherapy and progression for AC cases were estimated as cumulative incidence, and the groups were compared using a Gray's test.
All statistical analyses were performed using EZR (Saitama Medical Center, Jichi Medical University, Saitama, Japan), which is a graphical user interface for R (The R Foundation for Statistical Computing, Vienna, Austria, version 3.4.4). EZR is a modified version of R commander (version 2.4-2), which was designed to add statistical functions that are frequently used in biostatistics. 24 All P-values were two-sided, and P-values of 0.05 or less were considered statistically significant.
| RE SULTS
| Flow cytometric profile and characteristics
We first applied our HAS-Flow method to the blood samples from enrolled participants to categorize them into groups G1-G4 as described in the Materials and Methods. Flow cytometric profiles of representative cases are shown in Figure 1 . The percentages of CADM1 + (D + N) cells in these plots were calculated and used to categorize the subjects into G1 to G4. For example, the percentage of CADM1 + (D + N) in case 1 was 22.9%, so this case was classified as G2. In the same manner, case 2, with a CADM1 + (D + N) percentage of 58.1%, was classified as G4. The characteristics of all cases are summarized in Table 1. A total of 71 cases were analyzed. All cases were categorized into G1 through G4 based on their initial flow cytometric profile.
Although there was no significant difference in the age or gender distribution among the four groups, the percentage of abnormal lymphocytes, the serum levels of sIL-2R, PVL levels, and the initial diagnosis all differed significantly among groups. In G1 and G2, all cases were diagnosed as AC. However, all but one case in G1 had a PVL of <4 copies/100 PBMC, whereas the majority of G2 cases had a PVL of ≥4 copies/100 PBMC. In G3, the median percentage of abnormal lymphocytes was 5.0% (range, 1.3%-8.3%). In this group, nine cases (47.4%) were diagnosed as AC, and 10 cases (52.7%) were diagnosed with indolent ATL (nine with smoldering-type ATL and one with chronic-type ATL). In G4, only two cases (14.3%) were diagnosed as AC, and 12 cases (85.8%) were diagnosed with indolent ATL (six with smoldering-type ATL and six with chronic-type ATL). For the two G4 cases that were diagnosed as AC, the serum levels of sIL-2R and PVL were 551 U/mL and 16.34 copies/100 PBMC, and 483 U/ mL and not evaluated, respectively.
In this study, the flow cytometric analysis was performed several times in most cases during the clinical course. Serial changes in CADM1 + (%) of all cases are shown in Figure 2 . In G1, the percentage of CADM1 + cells of all cases remained less than 10%, while this was between 10% and 25% in all but four cases in G2 throughout the clinical course. However, in G3, the percentage of CADM1 + cells of seven out of 19 cases (36.8%) exceeded 50% during the clinical course. In G4, no cases demonstrated less than 50% CADM1 + during the clinical course.
In this study, we analyzed only the initial flow cytometric profiles because our purpose was to predict the prognosis of cases by evaluating the flow cytometric profiles at the first screening.
| Cumulative incidence of receiving systemic chemotherapy
We next assessed the cumulative incidence of receiving systemic chemotherapy in all cases using Gray's test; these results are shown in Figure 3 . The median observation period was 1347 days (range, F I G U R E 1 Classification based on the percentage of CADM1 + cells among the CD4 + cells according to a CADM1 versus CD7 plot. The CADM1 versus CD7 plot in CD4 + cells and clinical data of two representative cases are shown. The P (CADM1 − CD7 + ), D (CADM1 + CD7 dim ), and N (CADM1 + CD7 − ) subpopulations were gated as described in our previous report. Cases were classified based on the percentage of CADM1 + (D + N) cells as follows: G1, D + N ≤ 10%; G2, 10% < D + N ≤ 25%; G3, 25% < D + N ≤ 50%; and G4, 50% < D + N. A, Case 1. D + N = 22.9%, which was classified as G2. B, Case 2. D + N = 58.1%, which was classified as G4. Ably, abnormal lymphocytes; AC, asymptomatic carrier; ATL, adult T-cell leukemia/lymphoma; CADM1, cell adhesion molecule 1; PBMC, peripheral blood mononuclear cells; PVL, proviral load; sIL-2R, soluble interleukin-2 receptor 1-2926 days). During this observation period, systemic chemotherapies were not introduced in G1 or G2 cases, even in those with a PVL of ≥4 copies/100 PBMC, while two cases in G3 received systemic chemotherapy. In G4, four cases received systemic chemotherapy (one with AC, two with smoldering-type ATL and one with chronic-type ATL), and the cumulative incidence of receiving systemic chemotherapy at 3 years was 28.4% (95% confidence interval associated with the probability of receiving systemic chemotherapy (Gray's test for the entire group, P = 0.001) ( Figure 3A) . Notably, there were more cases that received systemic chemotherapy in G4 compared with the other groups (Gray's test, P < 0.001) ( Figure S1 ).
Even when limited to indolent ATL cases, cases in G4 tended to receive systemic chemotherapy compared with cases in G3 (Gray's test, P = 0.06) ( Figure 3B ). These results indicate that the cases in G4
were at high risk of undergoing acute transformations.
The prognostic index based on the serum levels of sIL-2R (iATL-PI)
is a promising tool for risk-adapted therapeutic intervention. 25 (Gray's test, P = 0.02), and the cumulative incidence of receiving systemic chemotherapy at 1 year in this group was 400.0% (95% CI:
0%-70.7%).
| Cumulative incidence of progression from asymptomatic carriers to indolent adult T-cell leukemia/lymphoma
The AC cases in our study pool were extracted, and their cumulative incidence of progression to indolent ATL was analyzed. The median observation period was 1106 days (range, 1-2926 days).
There were no cases in G1 that progressed to indolent ATL during this observation period, and only one case in G2 that progressed to smoldering-type ATL. This case had a PVL of 10.39 copies/100 PBMC. However, five out of nine cases (55.5%) in G3 clinically progressed to smoldering-type ATL ( Figure S2 ). The median percentage of abnormal lymphocytes, serum levels of sIL-2R and PVL of these five cases were 2.7% (range, 1.3-4.5%), 463 U/mL (range, 309-640 U/mL) and 10.27 copies/100 PBMC (range, 9.72-13.76 copies/100 PBMC), respectively. For G3 and G4 cases, the cumulative incidence of progression to indolent ATL at 3 years was 45.5% (95% CI: 6.5-68.2%) (Figure 4) , indicating that these cases were at high risk for clinical disease progression from AC to indolent ATL. All patients who were diagnosed as AC in G4 progressed to smoldering-type ATL during the observation period. We further examined the cases in G3 and G4 to identify those with the highest risk of clinical disease progression. Figure 5 shows the scatter plot of PVL versus the percentage of CADM1 + cells from the CADM1 versus CD7 plot in the AC cases with or without progression to indolent ATL; cases with a PVL of > 10 copies/100 PBMC in either G3 or G4 appeared to have a higher risk for ATL progression than those with a lower PVL.
| D ISCUSS I ON
The CAMD1 versus CD7 plot produced by flow cytometry is useful for the analysis of progression from HTLV-1 infection to ATL. 19, 20 HTLV-1 clones can be highly purified in the CADM1 + CD7 dim and (Table 1) . G1 and G2 included only AC cases. Smolderingtype ATL cases were found in both G3 and G4, and chronic-type F I G U R E 4 Cumulative incidence of progression to indolent adult T-cell leukemia/lymphoma (ATL) from asymptomatic carrier (AC) when comparing G1 + G2 cases with G3 + G4 cases. Progression was defined as an increase in the percentage of abnormal lymphocytes in the white blood cell population to ≥ 5% F I G U R E 5 Scatter plot of the HTLV-1 proviral load (PVL) versus the percentage of CADM1 + cells from the CADM1 versus CD7 plot. Scatter plot of the PVL versus the percentage of CADM1 + cells from the CADM1 versus CD7 plot in asymptomatic carrier (AC) cases with (red triangles) or without (black circles) progression to indolent adult T-cell leukemia/lymphoma (ATL) ATL cases were dominant in G4. As shown in Table 1 and Figure   S3 , although the percentage of abnormal lymphocytes was elevated in cases with the most advanced clinical stage, these levels overlapped among cases in G1 to G3. Therefore, these cases are difficult to distinguish using conventional methods such as the percentage of abnormal lymphocytes. However, approximately half of the AC cases in G3 clinically progressed from AC to smolderingtype ATL ( Figure S2 ). Thus, it appears that AC cases classified as G3 have a higher risk of clinical disease progression compared with AC cases classified as G1 or G2. Our previous study revealed that the CADM1 + HTLV-1-infected cells in G3 cases had oligoclonal or major HTLV-1 clones. 20 In addition, a previous gene expression microarray analysis revealed that these cells in advanced AC or indolent ATL cases formed one cluster distinct from those in aggressive ATL cases. 19 These results suggested that the advanced AC cases and smoldering-type ATL cases in G3 could not be distinguished and should be classified in the same progression stage of HTLV-1 infection. Cases in G3 are, thus, considered to be on the boundary between AC and smoldering-type ATL. In the present study, only two cases in G3 received systemic chemotherapy ( Figure 3A ). Our data show that although AC cases in G3 have a high risk of ATL progression, their prognosis might not be poor.
They should be considered as having intermediate risk of acute transformation.
In clinical practice in Japan, indolent ATL cases are carefully observed until acute transformation is confirmed, and intensive chemotherapy is generally initiated after acute transformation. [26] [27] [28] Here, the cumulative incidence of receiving systemic chemotherapy at 3 years was 28.4% in G4 cases ( Figure 3A ). All the cases that received chemotherapy were considered to have transformed into aggressive ATL. Notably, the cases in G4 included AC, smoldering-type ATL, and chronic-type ATL subjects.
Our data indicate that the cases in G4 should all be considered as high-risk cases, regardless of their clinical subtype. The values of sIL-2R have been reported as a prognostic factor for indolent ATL, 25 Figure S4 ).
Our study has some limitations. First, our study is a single-center retrospective study with a small number of cases, and the follow-up period is relatively short. A large-scale prospective follow-up study for validation is warranted. Second, our flow cytometric analysis is difficult to apply for cases that have transformed into lymphomatype ATL with few abnormal lymphocytes in the peripheral blood.
Third, we did not evaluate the proportion of CD4 + CD25 + cells that are expressed in HTLV-1 infected cells, and further investigation is required to compare the specificity of HAS-Flow with other flow cytometric systems using CD4/CD25.
In conclusion, we were able to risk-stratify AC and indolent ATL cases by their classification based on the percentage of CADM1 + cells as determined by a flow cytometric analysis. In combination with findings from our previous studies, this classification is useful for the prediction of the prognosis in HTLV-1-infected cases.
Exploration of further molecular markers, such as gene mutations and epigenetic abnormalities, in each group from G1 to G4 is warranted.
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